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1270nm 光纤激光器成为了 近用于光动力疗法的激光器中的一大研究热点。 
本论文基于光纤中受激拉曼散射的基本原理，对不同结构的 1270nm 二级级
联掺磷光纤拉曼激光器(Raman Fiber Laser, RFL)进行了实验研究。 
(1) 对光纤环形镜(Fiber Loop Mirror, FLM)作为掺磷 RFL 腔镜时的激光输出
特性进行了实验研究。结果表明，FLM 做高反镜可以有效减少 Stokes 光从窄带
光纤布拉格光栅(FBG)端口的泄露，提高激光器的光-光转换效率和斜效率。 
(2) 结合掺磷光纤拉曼增益谱，创新性地设计了混合利用 1330cm-1 频移和
197cm-1 频移的 1270nm 二级级联掺磷 RFL 结构并进行了详细的实验研究。实验
使用 1064nm 掺镱双包层光纤激光器，分别以前向和后向方式对基于 FBG 的对









































Reports from World Health Organization show that the number of global new 
cancer patients and cancer deaths have risen sharply in recent years. Cancer has 
become the NO.1 killer with grave threat to human health and life. Recently, the direct 
optical excitation method used in the current photodynamic therapy(PDT) with 
advantages of no need of photosensitizer, weak side effects, short treatment cycle, 
little damage to other biological tissue and accurate assessment of the dose, is highly 
concerned. According to the dual polymer absorption spectra and optical absorption 
characteristics of oxygen molecule and its dual polymer, the wavelength of 1270nm 
has the strongest absorption and very deep treat depth. As a result, 1270nm fiber laser 
used in PDT is becaming a hot topic. 
Based on the basic principles of Stimulated Raman Scattering(SRS), 1270nm 
two-cascaded phosphosilicate Raman fiber laser(RFL) with different structures are 
investigated experimentally. 
 (1) Features of output laser are researched experimentally while fiber loop 
mirrors(FLM) are used as cavity mirrors of RFL. Results show that FLM used as a 
highly-reflective mirror can effectively reduce the leakage of Stokes wave from the 
narrow band FBG, improving optical to optical conversion efficiency and slope 
efficiency. 
(2) Commbined with Raman gain spectra of phosphosilicate fiber, an innovative 
design of 1270nm two-cascaded phosphosilicate RFL is presented and studied 
experimentally in detail with a mixed use of 1330cm-1 Raman shift  and 197cm-1 
Raman shift. Symmetric cavity structure based on FBG and asymmetric cavity 
structure based on FLM are pumped by 1064nm ytterbium-doped double-clad fiber 
laser, forward and backward respectively. Results show that asymmetric structure 
demonstrates a lower Raman threshold, higher slope and conversion efficiency for the 














with backward pump configuration, forward pump one shows better laser output 
parameters. 
 Some improvements are made based on the broadband reflective features while 
FLM is used as a highly-reflective mirror. In the forward pump configurations 
mentioned above, improved structure exhibits the best results. Raman threshold of 
phosphosilicate RFL with improved structure is 2.83W, output power is 2.468W with 
pump power of 8.6W, the slope efficiency is 37.4% and the conversion efficiency is 
28.7%.  
Keyword: Stimulated Raman Scattering, Fiber Loop Mirror, Fiber Bragg Grating, 
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第一章 绪 论 












一起成长的。早在 1964 年，C.J. Koester 和 E. Snitzer 等人报道了在玻璃基质中掺
激活钕离子(Nd3+)所制成的第一台光纤激光器[2]。但是，受到低损耗光纤制作技
术和泵浦光源的制约，在接下来的时间里光纤激光器的研究进展缓慢。1966 年，
华裔科学家高锟 (Charles K. Kao)发表了一篇名为《Dielectric-fibre surface 
waveguides for optical frequencies》的论文[3]，开创性地提出光导纤维在通信上应
用的基本原理，并预言了制造通信用的超低耗光纤的可能性，他也因此与美国科
学家 Willard Boyle 和 George Smith 共同获得了 2009 年的诺贝尔物理学奖。1970
年，美国康宁(Corning)公司研制成功损耗为 20dB/km 的低损耗石英光纤[4]，宣
告光纤进入低损耗时代，发展到现在石英光纤已经可以设计到接近理论损耗极限
值 0.1dB/km。1985 年，英国南安普顿大学的 S.B. Poole 等验证了用化学气相沉
积法可以将任何稀土离子掺入光纤纤芯 [5]。同年，R.J. Mears 等人首次报道了
镓铝砷半导体激光器泵浦的掺钕单模光纤连续激光器[6]。到 1986 年，R.J. Mears
等人研制成功第一台可调谐调 Q 掺铒(Er3+)光纤激光器[7]，在 1.55μm 波段获得


















1993 年，H. Po 等人报道了输出功率为 5W 的掺钕双包层光纤激光器，输出
波长为 1064nm，激光斜效率为 51%[9]。1999 年，SDL 公司的 V. Dominic 等人
首次研制成功超过 100W 的掺镱(Yb3+)双包层光纤激光器，以总功率为 180W 的
4 个半导体激光二极管为泵浦源，在 1120nm 处获得了 110W 的激光输出，转换
效率为 58%[10]。2003 年，英国南安普顿大学报道了 272W 单模激光输出的掺镱
双包层光纤激光器，输出波长为 1080nm，激光斜效率为 85%，同时报道了 103W
波长为 1565nm 的铒镱共掺双包层光纤激光器[11]。IPG 公司于 2002 年公布了
2000W 的高功率多模光纤激光器 [12]，2005 年报道了输出功率为 1960W 的准单
模掺镱光纤激光器，输出波长为 1075nm[13]，IPG 生产的掺镱光纤激光器先后运
用于德国不莱梅的 BIAS 公司(17kW)和柏林的 RAM 公司(20kW)，自身也报道了
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